This review covers enteropathogenic Escherichia coli (EPEC) and enterohaemorrhagic E. coli (EHEC) infections, focusing on differences in their virulence factors and regulation. While Shiga-toxin expression from integrated bacteriophages sets EHEC apart from EPEC, EHEC infections often originate from asymptomatic carriage in ruminants whereas human EPEC are considered to be overt pathogens and more host-restricted. In part, these differences reflect variation in adhesin repertoire, type III-secreted effectors and the way in which these factors are regulated.
Introduction
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Colonization and disease-associated factors

Adhesins Initial epithelial cell interactions by EHEC and EPEC
Escherichia coli express a multitude of different surface factors that are involved in the interaction with host mucosa (Table 2) . Host, tropism and virulence variation will be associated with the different adhesins expressed by EHEC O157 and EPEC O127. Adhesins include chaperone/ usher and type IV fimbriae, outer membrane proteins and flagellae. For this review, we have included intimate attachment driven by type III secretion in adherence even though this process is responsible for other important phenotypes.
Fimbrial adhesins including bundle forming pili (Bfp)
From their sequences, both EHEC and EPEC possess multiple fimbrial operons although there is little information on whether these may be expressed and their possible binding specificities. An analysis of the operons from the sequenced EHEC O157:H7 strains shows that several contain mutations that may prevent or reduce expression perhaps limiting the repertoire available. BLAST, Basic local alignment search tool; EPEC, enteropathogenic Escherichia coli. 2001). Detectable expression was only shown for three putative fimbrial clusters in EHEC O157 and these are now being investigated in more detail (our unpublished data). These three include a cluster that was identified in two EHEC serotypes as being required for colonization in cattle and which does express a detectable fimbrial adhesin that we have termed F9 fimbriae (manuscript in review and Dziva et al., 2004; van Diemen et al., 2005) . F9 Expression in EPEC has not been determined and its relevance for human colonization unknown.
Enteropathogenic Escherichia coli can potentially express a greater number of fimbrial adhesins as multiple types were demonstrated by electron microscopy on deletion of the locus of enterocyte effacement (LEE)-encoded regulator (Ler) (Elliott et al., 2000) and EPEC also produce a type IV pilus, known as Bfp (Giron et al., 1991 (Giron et al., , 1993 expressed from 14 genes on a virulence-associated plasmid (EAF) carried by certain EPEC strains. Bfp are responsible for localized adherence on epithelial cells. Bfp are important for both initial binding to host cells and for bacterial-bacterial interactions leading to the formation of three-dimensional micro-colonies of attached bacteria (Bieber et al., 1998; Tobe & Sasakawa, 2001; Cleary et al., 2004) . Cell specificity is associated with Bfp binding that can also lead to induction of apoptosis. Potentially in relation to this, Bfp have been shown to have specificity for phosphatidyethanolamine (PE), which will be exposed during apoptosis of eukaryotic cells and potentially, depending on membrane access, on the surface of Gram-negative bacteria (Foster et al., 1999) . EHEC do not carry an EAF plasmid and do not carry or express Bfp. However, a binding specificity for phosphatidyethanolamine has also been demonstrated for EHEC O157 (Foster et al., 1999) although the adhesin conferring this specificity has not been determined. Human volunteer studies (Bieber et al., 1998) have shown Bfp to be important for EPEC disease in humans. Responses to Bfp have been shown in humans (Loureiro et al., 1998; Martinez et al., 1999) . Co-ordinate expression of Bfp occurs with the LEE in EPEC as a result of PerC activity (Kaper & GomezDuarte, 1997; Porter et al., 2004) . Bfp help EPEC form microcolonies and this increased level of interaction may contribute to the generally more aggressive phenotype associated with EPEC on interaction with eukaryotic cells, including rate and extent of attaching and effacing lesion formation. Two fimbrial operons (lpf and lpfA Torres et al., 2002 Torres et al., , 2004 ) with homology to long polar fimbriae (LPF) of Salmonella (Baumler et al., 1996) are present in the EHEC O157 chromosome on O islands but not in EPEC E2348/69 Perna et al., 2001) . Even though the lpf operon contains a mutation in its usher gene, it appears that complementation with a related usher can lead to surface expression . EHEC O157 has been shown to have an affinity for follicle-associated epithelium Naylor et al., 2003) and a similar tropism was a suggested role for LPF in Salmonella (Baumler et al., 1996) . To date there is no evidence to show that either LPF drives FAE affinity for EHEC O157:H7. Further research will be required to establish whether any of the other fimbrial operons present in EHEC or EPEC are expressed and contribute to host colonization. One obvious issue is that any fimbrial adhesin would need to work in concert with type III secretion and therefore be regulated appropriately so as not to compete or interfere with type III secretionmediated intimate attachment (Holden & Gally, 2004) .
Nonfimbrial adhesins
OmpA has been shown to mediate adherence to HeLa cells for EHEC O157:H7, although whether it has an equivalent role in vivo is unclear . A determinant involved in adherence has been identified in EHEC O157:H7 that is equivalent to the iron-regulated gene A (irgA) of Vibrio chloerae and this gene was also identified during a signature-tagged mutagenesis study of factors required for bovine colonization . Escherichia coli factor for adherence (Efa) is equivalent to the lymphostatin toxin and may contribute to adherence in both pathotypes (Nicholls et al., 2000; Stevens et al., 2002 Stevens et al., , 2004 Badea et al., 2003) .
Flagella
Flagella are major organelles that are important in the pathogenesis of both pathotypes. For EPEC, flagella are sufficient to induce IL-8 release in T84 cells via activation of the Erk and p38 pathways . EPEC flagella are important for adherence with mutation of fliC reducing adherence. Purified flagella bind and block binding of EPEC . The situation for EHEC is likely to be similar although the different flagellin structures (e.g. H6 vs. H7) may drive differences in binding and therefore tropism, with EHEC O157:H7 not demonstrating binding to the cell lines for which EPEC H6 binding was important. EHEC flagella have though been shown to play a role in persistence in chickens (Best et al., 2005) . Given the importance of type III secretion for EHEC and EPEC colonization and the structural relationship of the type three secretion system (TTSS) with flagella, there is likely to be regulatory cross-talk between the systems during the colonization process.
TTSS
TTSS structure
Both EPEC and EHEC express TTSS that inject proteins into host cells to modulate function. The multiprotein basal apparatus, needle and translocon complexes are used by both classes of bacteria to secrete and translocate bacterial effector proteins into and through the host cell membrane. This process is required for intimate attachment of the bacteria, resulting in characteristic attaching and effacing (A/E) lesions on the brush border of the intestinal mucosa. Extensive reviews are available on this topic so this review will provide a brief introduction and then focus on differences between EHEC and EPEC with regard to TTS (Clarke & Sperandio, 2005; Caprioli et al., 2005; .
The TTS apparatus is encoded by the LEE pathogenicity island. LEE is essential for colonization of the host, but strains of EHEC that are LEE negative have been isolated from patients with severe disease. In a recent report, Luck et al. compared the adherence properties of LEE-negative EHEC against LEE positive strains in vitro, reporting that a number of EHEC LEE-negative serotypes were internalized by epithelial cells (intracellular bacteria localized in membrane-bound vacuoles) compared with EHEC O157:H7 that remained extracellular. Invasion was shown to be dependent on an intact actin cytoskeleton and microtubule function, along with active r GTPases, but was not dependent on the activity of tyrosine kinases. The study suggested that LEEnegative EHEC strains may use a mechanism of host cell invasion to colonize the intestinal epithelium which may compensate for the lack of the LEE and hence the inability to form A/E lesions (Luck et al., 2005) .
The external part of the apparatus is made up of a needle complex and the host cell membrane associated translocon proteins. These function in the transfer of effector proteins into the cytosol of the host cell. Recently, the structure of the 'needle' complex of the TTSS has been reported to be based on a molecular platform made up of oligomerized 1.8 Å ring of EscJ, a member of the YScJ/PrgK protein family in EPEC (by crystal packing studies and molecular modelling). This was supported by electron microscopy, labelling and mass spectrometry studies on PrgK proteins in Salmonella typhimurium (Yip et al., 2005) . The extracellular part of the TTSS is similar in EPEC and EHEC, containing a filamentous extension made up of polymorphic EspA filaments. The structure of EspA shows conserved regions (the N and C termini of the amino-acid sequence) between EPEC and EHEC. The filaments contain a central variable region and within this, a hypervariable region that resembles the surfaceexposed domain of flagellin. This region forms an unstructured loop which may constitute a surface exposed domain involved in EspA polymorphism. Variation in this exposed domain between serotypes may also influence cell-binding specificity. The hypervariable region of the surface-exposed loops has been used to display short peptide flag inserts that maybe useful for vaccine production .
Type III secretion by EPEC has been shown to be important for human colonization and disease (Tacket et al., 2000) . intestinal colonization, including LEE-encoded type IIIsecreted proteins, cytotoxins; putative-type III-secreted proteins unlinked to LEE, a putative fimbrial operon and various genes involved in central metabolism and transport were identified in both studies. A defined deletion preventing TTS fails to colonize cattle but does so when the deleted region is complemented back into the chromosome (Naylor et al., 2005b) .
Intimate adherence of Escherichia coli
Intimin is a bacterial adhesin that is required for intimate attachment of EHEC and EPEC to host cells. The adhesin is exported via the general secretory pathway and is inserted into the bacterial outer membrane where it interacts with receptors, in particular targeting the translocated intimin receptor (Tir), which is exported by the bacterial TTSS and integrated into the plasma membrane of the contacted host cell. Intimin is made up of an N-terminus that exhibits homology between EHEC and EPEC, and a C-terminus that contains the receptor-binding activity of the peptide. The adhesin exists as multiple antigenically distinct subtypes (including a, b, g, d and e). The C-terminal 280 amino acids of intimin a (Int280a) is built from three globular domains, the first two comprising b-sheet sandwiches that resemble the immunoglobulin super family (IgSF). The active Tir-binding fragment of intimin spans this IgSF-like domain and a neighbouring lectin-like domain with the Tirbinding site localized to a patch of residues at the tip of the lectin-like structure (Batchelor et al., 2000) .
Apart from its interaction with Tir, intimin can bind to host generated receptors. The different antigenic subtypes of intimin have been shown to determine tissue tropism in the host. Site-specific mutagenesis studies have identified key residues involved in host tissue tropism determination (Reece et al., 2001) . In vitro organ culture studies have shown tissue tropisms for the g subtype (expressed by EHEC O157:H7), for follicle-associated epithelium in humans and cattle, and subtype a (expressed by EPEC 0127:H7) shows a more broad specificity, adhering to small intestine FAE and limited adhesion to the large bowel epithelium Naylor et al., 2003) . Also, the subtype e (expressed by EHEC 0103:H À ) shows a tropism for FAE and limited adherence to the small and large intestine from human explant studies. This may be due to a degree of homology in the Int280 Tir and cell-binding region between intimin e and a/g (Fitzhenry et al., 2003) .
A non-TTSS-encoded metalloprotease, StcE is also upregulated with TTSS and has been shown to increase intimate adherence, possibly through the inhibition of host clearance of EHEC by destruction of glycoproteins on the epithelial mucosal surface, and also directly contributing to intimate adherence (Grys et al., 2005) .
LEE-encoded effectors
A number of studies in recent years have highlighted a significant divergence in the structure of EHEC and EPEC Tir effector proteins and the resultant pathogenic mechanisms utilized for bacterial manipulation of the Arp 2/3 complex during bacterial induction of host cell actin polymerization Goosney et al., 2001; Lommel et al., 2001 Lommel et al., , 2004 Campellone et al., 2002; Campellone & Leong, 2003 Rottner et al., 2004) .
Additional LEE-encoded translocated effector proteins have been identified (Table 2) , including the renaming of SepZ as EspZ, as EspZ has now been shown to be localized in pedestals alongside phosphorylated Tir. EspZ translocation is restricted to postpedestal formation and may not be involved in EPEC disruption of cellular tight junction integrity or in mediating cytoskeletal rearrangement (Kanack et al., 2005) .
Another LEE-encoded effector protein, translocated into host epithelial cells by EPEC is EspG. This effector has a 40% amino-acid homology with the Shigella flexneri VirA protein, which is involved in membrane ruffling through microtubule destabilization. EspG deletion mutants have no apparent effect on virulence, but do show reduced levels of intestinal colonization. Using a Citrobacter rodentium model, Hardwidge et al. (2005) detected EspG in apical regions of infected mice epithelial cells that altered the host cytoskeleton to promote effective colonization involving transient microtubule destruction and actin polymerization, similar to VirA protein behaviour.
Expanding on this topic, Shaw et al. detected localized depletion of microtubules in infected Caco2 cells, dependent on EspG translocated proteins and the EspG-like protein, EspG2 (Orf3) encoded on a separate pathogenicity island, but still dependent on TTS. This depletion was caused by disruption of the microtubules, rather than displacement .
Enterohaemorrhagic Escherichia coli O157:H7 also expresses and secretes EspG and in a recent study using an inframe deletion espG in an infant rabbit model, Ritchie & Waldor (2005) observed that EspG has organ specific effects with reduced levels of bacteria recovered from the small intestine.
Non-LEE-encoded effectors
Along with the TTSS, the LEE encodes six effector proteins, Tir, Map, EspF, EspG, EspH and SepZ which are translocated by the TTSS into the host cell. All of these products apart from Tir are dispensable for A/E lesion formation.
But there are also non-LEE encoded effector proteins translocated by the TTSS (Table 2) , including Cif (carried on a lambdoid phage), EspI/NleA (carried by a prophage CP-933P) and TccP/EspF u (carried on prophage CP-933U). TccP/EspF u is utilized by EHEC and not EPEC along with nonphosphorylated Tir in the EHEC manipulation of the host neuronal Wiskott-Aldrich syndrome protein. All previously reviewed by . Dahan et al. report the discovery of a fourth non-LEE encoded effector protein, present in EPEC, EHEC and C. rodentium. The gene encoding this protein is carried in the prophage CP-933U (adjacent to the TccP/EspF u gene) and the product is homologous to the type III effector HopF of Pseudomonas syringae. They demonstrated that EspJ was translocated into epithelial cells and does not affect the A/E lesion phenotype in vitro and ex vivo in either EHEC or EPEC. They also noted that a DespJ mutant C. rodentium model exhibited a more persistent colonization phenotype in vivo, suggesting espJ has 'antivirulence' properties (Dahan et al., 2005) .
In a further communication, the group reported that in EHEC EspJ, along with TccP, reside on a two loci-containing operon (within the 5 0 -end of the prophage CP933P) and their in vitro expression is affected by growth medium composition (optimal being LB overnights to minimal essential mediumas LEE-encoded proteins) and changes in temperature, pH, osmolarity, partial O 2 pressure, but not by bacterial growth phase. More interestingly, EspJ and TccP effector expression is not controlled by the transcriptional regulator, Ler (see below and the non-LEE-encoded tagA), but by an as yet unknown regulatory system Fig. 2 . Summary of the regulation of the locus of enterocyte effacement (LEE) genes in Escherichia coli O157:H7. The main regulatory differences between enterohaemorrhagic E. coli O157:H7 and enteropathogenic E. coli 2348/69 are covered in the text. Environmental input references (Ebel, 1996; Rosenshine, 1996; Kenny, 1997; James & Keevil, 1999; Sperandio et al., 1999 Sperandio et al., , 2001 Sperandio et al., , 2002 Kanamaru et al., 2000; Abe, 2002; Sperandio, 2003; . Positive regulation references (Friedberg et al., 1999; Mellies et al., 1999; Elliott et al., 2000; Sperandio et al., 2000 Sperandio et al., , 2002 Tatsuno et al., 2001; Grant, 2003; Dziva et al., 2004; Iyoda & Watanabe, 2004; Li, 2004; Stevens et al., 2004; Zhang et al., 2004; Porter, 2005) . Negative regulation references (Kanamaru et al., 2000; Bustamante et al., 2001; Sanchez-SanMartin et al., 2001; Deng et al., 2004; Porter et al., 2004) .
Regulation of type III secretion
The regulatory inputs for the LEE of E. coli O157:H7 are summarized in Fig. 2 . Much of this regulation revolves around the expression of the Ler that, by removal of H-NS repression, activates the majority of the LEE operons (Friedberg et al., 1999; Mellies et al., 1999; Elliott et al., 2000; Sperandio et al., 2000; Haack et al., 2003) . Environmental inputs are therefore focused on LEE1 expression, although the recent demonstration of genes on the LEE for activator and repressor proteins (GrlA and GrlR) that act on LEE1 provides additional targets for environmental inputs (Deng et al., 2004) . While EPEC and EHEC share many of the same inputs demonstrated in Fig. 1 , a number of potentially important differences have been identified to date: 1 Activation of LEE1 by PerC in EPEC 2348/69 and pchA, B, C in EHEC O157:H7. The same (EAF) plasmid that contains the genes for Bfp also has genes encoding plasmid-encoded regulators A and C (PerA and PerC) that activate Bfp expression (Kaper & GomezDuarte, 1997) . The product of perC only is required for full LEE1 activation, but is reliant on PerA for its own expression (Porter et al., 2004) . LEE expression in EPEC is therefore closely tied to the factors that activate the per regulon, while this is not the case in EHEC O157 (Shin et al., 2001) . EHEC O157:H7 does however posses a number of perC chromosomal homologues that can act to increase LEE1 expression. Owing to these differences the LEE in the two pathotypes is potentially tied into different regulatory networks. In addition, the LEE1 promoter on which these activators act does have minor differences resulting in a higher level of expression in EPEC.
2 EHEC strains but not EPEC demonstrate variation in expression of EspA filaments (LEE4) and intimin/Tir (LEE5) at the single cell level. Under conditions in which every EPEC bacterium expresses a LEE5 promoter fusion, the same fusion is only expressed in a subpopulation of EHEC O157 bacteria. This variable control acts posttranscriptionally on LEE4 but at the transcriptional level on LEE5. The regulation is background dependent and LEE-independent . There is no apparent variation on LEE1-LEE4 transcription/translation initiation. At present, this is taken to represent a checkpoint in TTS expression that occurs in EHEC but not EPEC that would allow establishment of the basal apparatus in the cell wall but restrict production of the translocon and effector proteins dependent on further signals. This could include contact with eukaryotic membranes containing cholesterol (Hayward et al., 2005) .
3 Regulators from a cryptic second-type III secretion island also repress LEE expression in EHEC O157 (Zhang et al., 2004) and indicate the likely cross-talk between regulators from other O-islands and TTS-related genes, in particular flagella. The perC homologous sequences mentioned above are also encoded on prophage-like sequences. 4 While Quorum sensing acting via LuxS and QseA may be similar between EHEC and EPEC, regulation by SdiA appears to be different (Sperandio et al., , 2001 (Sperandio et al., , 2002a Kanamaru et al., 2000) . At present it is not known how SdiA binding of signalling HSL type molecules downregulates EspD and intimin expression in EHEC but the same repression does not appear to be present in EPEC (Kanamaru et al., 2000) . This difference maybe key in establishing the different tropisms the organisms have in their relevant hosts. Overall, type III secretion appears more tightly controlled in EHEC, with considerable variation between strains that may be important in their epidemiology in both cattle and human populations. EPEC strains appear derepressed for LEE expression and this may contribute to their pathogenic status in most host backgrounds.
Toxins Shiga-like toxins
Enterohaemorrhagic Escherichia coli strains unlike enteropathogenic strains have acquired bacteriophages encoding two component AB-5 toxins. There a several variants of these toxins with Stx1 being virtually identical to the enterotoxin produced by Shigella dysenteriae type 1 (O'Brien & Holmes, 1987; Nakao & Takeda, 2000; Schmidt, 2001; Smith et al., 2002) . Variants of Stx2 have been identified, including Stx2c,d,e,f,g, but the presence of Stx2 and Stx2c has the most significant correlation with human disease (Boerlin et al., 1999; Bidet et al., 2005) . Structural studies between Stx1 and Stx2 have identified key differences that may explain this (Fraser et al., 2004) . The five B-subunits determine cell-binding specificity and allow translocation into the cell of the A-subunit. In the case of Stx1 and Stx2/ 2c, the B-subunit binds to the glycolipid receptor Gb3/CD77 (Lingwood et al., 1987; Lingwood, 1993 Lingwood, , 1996 , driving entry of the A-subunit that is cleaved to produce an A1 peptide with N-glycosidase activity that inhibits protein synthesis through cleavage of the 28S ribosomal RNA. One reason why cattle colonized with EHEC do not generate overt clinical symptoms compared with the potentially devastating effect of human colonization is the difference in the Gb3 receptor distribution in the two hosts (PruimboomBrees et al., 2000; Hoey et al., 2002 Hoey et al., , 2003 . CD77/Gb3 is present on human endothelial cells (lining blood vessels) but this is not the case in cattle, so that toxin reaching these cells does not have the same hemorrhagic consequences in both hosts. In humans, CD77/Gb3 is present on kidney glomerular cells making damage to this organ a serious outcome of human EHEC infection (Boyd & Lingwood, 1989; Lingwood, 1994; Adler & Bollu, 1998) . In humans, trafficking of Stx from the site of infection in the gastrointestinal tract occurs, at least in part, through association with granulocytes that infiltrate in response to the infection (te Loo et al., 2000 Loo et al., , 2001 . Cattle by contrast do have some Gb3/ CD77-positive cells present in intestinal crypts and this may prevent absorption (Hoey et al., 2002) . Therefore, while both humans and cattle are colonized by EHEC O157, the difference in Gb3 receptor distribution in both hosts is a key factor in disease outcome.
Despite the Stx association with human disease, it can be inferred from the prevalence of stx1E. coli strains in cattle that Stx is likely to confer some selective advantage to the bacteria in this host (even if at a population level as individual bacteria are killed by bacteriophage-mediated lysis associated with toxin release). In line with this, a number of groups are working on the hypothesis that SLT is an important immuno-modulator in cattle, either through direct effects on the adaptive immune response by effects on B and T lymphocytes or the innate response by preventing proliferation of intraepithelial lymphocytes (Menge et al., 1999 (Menge et al., , 2004 . Furthermore, through a mechanism still unknown, SLT1 is able to down regulate mucosal inflammatory responses on bovine epithelium while the opposite has been demonstrated on human gastrointestinal epithelial cells (David Smith, Moredun Research Institute, personal communication and Thorpe et al., 1999) . Stxnegative EHEC O157 does induce some pathology when colonizing the terminal rectum of cattle (our unpublished data). Limiting this response will presumably prolong the initial colonization and limit the establishment of an immune memory to EHEC.
Secreted proteases
Both EPEC and EHEC produce serine proteases that are exported by an autotransporter (type V) mechanism (Henderson & Nataro, 2001; Henderson et al., 2004) . The targets for these proteases in some cases are still unclear and the fact that the two pathotypes have a different repertoire of autotransported proteins may be important in the colonization/infection process.
Enterohaemorrhagic Escherichia coli O157:H7 contains the pO157 plasmid that has been shown to encode the virulence factors StcE (Lathem et al., 2002 (Lathem et al., , 2004 Grys et al., 2005) and EspP (Brunder et al., 1997) . StcE, or Secreted protease of C1 esterase inhibitor from EHEC is secreted via the type II secretion apparatus and is a metalloprotease that specifically cleaves C1 esterase inhibitor (a member of the serine protease inhibitor family), having no protease activity on other serine protease inhibitors, extracellular matrix proteins or universal protein targets. The bacterial protease is positively regulated by the LEE-encoded Ler and resulting pathology may include localized proinflammatory and coagulation responses, causing tissue damage, intestinal oedema and thrombotic abnormalities (Lathem et al., 2002) . A result of StcE cleavage of C1-INH is the enhancement of C1-INH ability to inhibit complement-mediated lysis of host ovine erythrocytes. This is due to direct interaction between StcE, host cells and C1-INH. Thus, through cleavage at the amino-terminal domain, StcEtreated C1-INH also provides a significantly increased serum resistance for E. coli K12, showing a StcE induced protection system against complement for the infecting bacteria and infected host cells (Lathem et al., 2004) . Finally, through protease activity on glycoproteins and the resultant cleavage from the host cell, StcE helps block the clearance of EHEC O157 through glycoprotein destruction and contributes to the intimate adherence of the bacteria to host cell surfaces (Grys et al., 2005) .
Much less is known about EspP, although an abundant secreted protein of EHEC O157 under certain culture conditions. It has been demonstrated to cleave Pepsin A and human coagulation factor V (Brunder et al., 1997) .
By comparison, EPEC produces another serine protease EspC that is chromosomally encoded. espC was first sequenced in 1996 by Brett Finlay's group (Stein et al., 1996) . It encodes a 110 kDa secreted protein that contains the three classical domains associated with the autotransporter proteins. EspC produces an enterotoxic effect, indicative of internalization and cleavage of the calmodulin-binding domain of fodrin, resulting in actin cytoskeleton disruption. Recently, it has been observed that EspC does not function in a similar manner to the homologous Pet protein, a serine protease specific to enteroaggregative E. coli (NavarroGarcia et al., 2004) .
Efa1/LifA/toxB lifA is present in EPEC 2348/69 and confers the ability to inhibit human peripheral blood lymphocyte proliferation and the mitogen-stimulated synthesis of interleukin-2 (IL-2), IL-4, IL-5 and gIF (Klapproth et al., 1995 (Klapproth et al., , 2000 . Lymphostatin (lifA product) also inhibits the proliferation of human and murine gastrointestinal lymphocytes (Klapproth et al., 1995 (Klapproth et al., , 2000 . While many non-O157:H7 serotypes possess a gene virtually identical to lifA termed efa1 (Nicholls et al., 2000; Toma et al., 2004) , E. coli O157:H7 only carries a truncated version (Stevens et al., 2002) . While this may imply a loss of this immunomodulatory function, others have suggested that a pO157 gene product ToxB maybe functionally homologous (Klapproth et al., 2000) , although there is little evidence for this. toxB unlike efa1 and lifA has been shown to indirectly influence adherence by the modulation of type III-secreted protein export (Tatsuno et al., 2001; Stevens et al., 2004) .
Haemolysin
There are three types of E. coli haemolysins designated b (a cell-bound haemolytic factor), a (a cell-free factor) and g (produced in nalidixic acid-resistant mutants) (Smith, 1963; Walton & Smith, 1969) . All three haemolytic factors cause b-haemolysis, obvious as a clear zone of lysis around colonies on blood agar plates (the g factor does not haemolyse human or rabbit blood red cells, but any other species RBC). Escherichia coli secreted a-haemolysin is cytotoxic for human leukocytes and fibroblasts in vitro, and the lysis of RBC can result in iron becoming available for bacterial growth. These two effects (cytotoxicity and growth stimulation) are thought to be the most likely mechanisms of a-haemolysin function in E. coli virulence (Cavalieri et al., 1984) . EHEC generally express a plasmid-based haemolysin while there is little information available for carriage and expression by EPEC serotypes.
Summary
Ruminants, directly or indirectly, are the origin of most EHEC outbreaks whereas human EPEC infections are considered to arise from human to human infection. The generally asymptomatic interaction EHEC has with the ruminant host contrasts with the toxin-based pathology in the human host. In the literature, there appears to be an assumption that certain EHEC strains can be considered as EPEC strains but with the capacity to express Stxs. This is a simplification that belies the evolution adapting the strains to different hosts and the complex interactions on the host mucosa that lead to an asymptomatic or pathogenic outcome. Both organisms encode the majority of their established virulence factors on 'O' islands. Comparison of 177 of these 'O-specific' islands shows that while 69 islands are over 90% homologous between EHECO157 O157:H7 (EDL933) and EPECO127:H6 (2348/69), 14 islands have less than 55% sequence homology and the remainder demonstrate significant differences. This divergence offers considerable scope for differences in the carriage and expression of virulence determinants. Future research should address how variation in these O-islands impacts on host adaptation, tissue tropism and virulence.
